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KETONE PEROXIDE COMPOSITIONS 

~ "Tfie pfesehrinverrtion pertains to a compoa'tibri"ora~ket6nM^ of the 

5 formula HOO-C(Ri)(R2)-OOH, to the corresponding bis- and mono- 
peroxyesteis, bis- and mono-peroxycarbonates, or mixed peroxyester- 
peroxycarbonates derived from said l<etone peroxides, to a method for the 
pieparation thereof, to the use of said composition, and to a novel peroxide 
l<etone. 

10 

Ketone peroxides of fonmula HOO-C(R,)(R2)-0OH, the so-called Type 4 Icetone 
peraxides (such as 1,4^imethylpentylldene dihydroperoxide), are In view of 
ttieir low production coste highly interesting starting materials for various 
perosddes such as bis-peroxyesters, bis-pero)^ carbonates or mixed 

IS perc»cyester peroxyoarbonate derivatives. Such Type 4 ketone peroxide 
derivatives are for instance disclosed in WO 9932442, wherein Ri and Ra are 
Independently selected from hydrogen, C1-C20 alkyi, C3-C20 cydoalkyl. C6- 
020 aryl, C7-C20 aralkyl, and C7-G20 alkaryl. of which the methyllsobutyl and 
methyiteopropyl ketone peroxides were the only ones that were specificaiiy 

20 disclosed. In US 3,326,809 Mlarly methyl ethyl, diisopropyl, methyl amyl. and 
methylhexyi ketone peroxides were disclosed, whereas In US 3,151,170 the 
ethyl isoamyl ketone p^xkie was disclosed. Since these ketone peroxides 
comprise two hydroperoxy groups of signrficantiy different acidity, the two 
hydroperoxy gnoups can highly selectively be reacted separately with reactive 

25 eleclrqphilte compounds such as acki chlorides or aHcyl chteiroformates. This 
high selectivity is not observed in the case that di-hydroperoxy alkyI peroxides 
are used as starting materiar such as the cbnrunerciaily widely used 2,6- 

dihydfoperQxy-2,6-dim6thylhexane. The «mall- difference between the acWlly-of 

the hydnveroxy groups of ttiis £dkanedk)l-derived molecule prevents high 

30 selectivity upon reaction writh eiectrophiles. Using ketone peroxides of formula 
HOO-C(Ri)(Fl2)-OOH, mutti-half-live peroxWes (i.e. peroxides with different 
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reactfvitiGS In the same molecule) are so within reach easily. These peroxides . 
are of high interest in the polymerization industry, especially in applications 
wherein broad temperature ranges are applied during manufacturing such as in - 
low<lensUy po^iyethy^ polymerization (LDPE), and in thelarodu^on of PVC, 
5 polymethacrylate, polystyrene polyethylene, copolymers, and thermoset 
polymers. 

It Is known that these ketone peroxides of the formula HOOC(RO(R2)-OOH are 
highly soluble in polar solvents but only slightly soluble or insoluble in apolar 

10 hydrocarbon solvente. Thus Type 4 ketone peroxides derived from 
commercially readily available ketones such as methylethyl ketone, methyliso- 
propyl ketone, methylpropyl ketone and methylisobutyl ketone are dlssoh^ed in 
polar ethers and esters such as diethylether, ethylacetate and the commercial^ 
commonly used solvents dimethylphtalate and 2,2,4-trimethylpentanedioi-1p3-di- 

15 isobutyrate. These are also the solvents that are used in the above-mentioned 
WO 9932442, US 3,326.809. and US 3,151,170. 

For safety reasons, Type 4 ketone peroxides can only be manufactured In a 
solvent on commercial scale. This not a problem for applications in which 

20 polar solvents can be used. However, when polar solvents are undesired, for 
instance in low-density polyethylene polymerization (LOPE). Type 4 ketone 
peraxides are not applicable for their low solubility in hydrocarbons. In such 
c^ses Type 4 ketone peroxides cannot be used as a starting material. It Is an 
object of the present invention to find Type 4 ketones that are sufficiently 

25 soluble in apolar hydrocarbon solvents and therefore can be used as starting 
materials in reactions where an apolar medium te a prerequisite. 

tthas now- been- surprisingly found that a safe- composition of a ketone-peroxide 

comprising 

30 a) a peroxide derivative of the formula HOOC(Ri)(R2)-OOH 
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whersin 

Ri. is a branched or unbranched alkyl group with 1 to 4 carbon atoms or 

alkenyl group with 2 to 4 carbon atoms; and 

R2 is a bmnched or unbranched alkyl or aikenyi group with 5 to 12 carbon 
5 atoms; and 

b) a blanched or unbranched hydrocarbon solvent; 

the peroodde derivative of a) having a solubility more than 40 g in 100 g of 
the solvent of b) at 20*C; and 

comprises less itian 10 wt% of a peroxide derivative of the formula 
10 H0O-C(Ri)(Rz)-OO-C(Ri)(F<2)-00H, 

wherein Ri and R2 have the previously given meanings. 

The most suitable compositions thus obtained comprise ketone peroxide 
derivatives wherein both Ri and R2 represent alkyl groups, mors particularly 
15 wherein one of these groups is a methyl group and the other an Isoamyl or amyl 
group. 

The requirement that the peroxide derivative has a solubility better than 40 
g/100 g at 20''C, preferably better than 45 g/100 g. is tulfHIed with common 

20 blanched and unbranched" hydrocarbon solvent such as IsodDdebane, 
dodecane and isoparaflns such as Isooa i® g and Isooai® H. and commerclallv 
available solvent that are soki under the tradenames Norpai®, SheIlsol<&, and 
the like. The apolar organic solvent to be used in the process acoording to the 
invention has a dipole moment of less than 0.5D, prefsrably OD, and is 

25 preferably a saturated aliphatic hydrocarbon. 

The solubility of the aforesaid Type 4 ketone peroxkJes In different solvents is 
• ■ given In Table I belowr clearly-demonstrating the urJexpectediy high $olubili^~i>f~ 
methyl-n-amyl ketone and methylisoamylketone derived Type 4 ketone 
30 peroxides in apolar hydrocarbon solvents. 
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In the first column the ketone is given which is used for making the ketone . 
peroxide derivative. In the second column Ri and Rs of the above formula are 
given. In columns 3 and 4 the solubility in g/100 g at 20''C in polar - 
dimethylphfhalate and in apolar ieododecane, respectively, are given. 



Table I 



ketone 


R1/R2 


Solubility in 
dimethylphthalate 


Solubility in 
isododecane 


methylethyl ketone 


Ri = -CH3 

R2 = -CH2CH3 


>40 


<1 


methyl-n-propyl 
ketone 


Rt =-CH3 

R2 « -CH2CH2CH3 


>40 


4 


methyllsopropyl 
ketone 


Rf = -CH3 

R2 = -CH(CH9)2 


>40 


6 


methylisobut/l 
ketone 


Ri « -CH3 

R2 = -CH2CH(CH3)2 


>30 


8 


methyl-n-amyl 
ketone 


Ri = -CH3 

Ra = -CH2(CH2)3CHa 


>30 


>45 


methylisoamyl 
ketone 


- -CH3 

^2 ~ -CH2CH2CH(CH3)2 


>30 


M5 



The peroxide composMons according to the invention may be advantageou&ly 
used as a curing agent for unsaturated polyesters and unsaturated polyester 

10 and vinytester resins. The present compositions have the advantage over prior 

art CQmposrB o ns that they-are-ftee-from phtha late-and4ha t th e y can b e safely 

transported In IBC's (Intermediate Bulk Containers). Such resins usually include 
unsaturated polyester and one or more ethylenlcally unsaturated monomers. 
Suitable polymerlzable monomers Include styrene, a-methyl styrene« p-methyl 

15 styrene, chiorostyrenes, bromostyrenes, vinyl benzyl chloride, divinyl benzene, 
diallyt maleate, dibutyl fumarate, triallyl phosphate, triallyl oyanurate, diailyl 
phthalate, diailyl fumarate, methyl(meth)acrylate, n-butyl (meth)acrylate. ethyl 
^ acrylate, and mixtures thereof which are copolymerizable with the unsaturated 
polyesters. The unsaturated polyesters are, for example, polyesters as obtained 

20 by e&terllying at least one ethylenically unsaturated di- or poiycarboxylio acid, 
anhydride or acid halide, such as malelc acid, fumaric add, glutaconic acid, 



• I—** 
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anhydride or acid halide, such as maleic acid, fumaric add, glutaconic acid, 
itaconic acid, mesaconic acid, citraconic acid, allylmalonic add, teti^- 
hydrophthalic add, and others, with satuiBted and unsaturated di- or potyols, 
siJdi as ethylene glycols, diethylene glycol, triethylene glycols. 1,2- and 1,3- 
5 propane diols, 1,2-, 1,3-, and 1,4-butane diols, 2,2-dlmethyH ,3-propane diols, 
2-hydroxymethyK2-methyl-1,3-propane did, 2-buten-1,4-dfol, 2-butyn-1,4-diol, 
2,4,4-trimethyl-1.3-pentane did, glycerol, pentaerylhritol, mannitol, and others. 
The di- or potycarboxylic adds may be partially replaced by saturated di- or 
polycartKUcylic acids, such as adipic add, succinic acid, and others and/or by 
10 aromatic di- or poiycarboxyilc acids, such as phthalio acid, trimellltic acid, 
pyrcmeilitic add, laophthalic add, and terephthalic add. The adds used may be 
substituted wMi groups sudi as halogen. Suitable halogenated adds Indude 
tetrachlorophthallo add and tatrabromophthallc add. 

15 The ketone peroxide compo8ition& of the Invention may be reacted with add 
anhydride or add halc^en and halogen fbmnate dern/ative in the manners that 
are common to the practitioner to give ketone peroxide derived bis-peroxyesters 
and bis-peroxycarbonatss, respectively. A mixed ketone peroxide derived 
pefoxyester-peroxycarbonate derivative is dbtained when a mixture of add 

20 anhydride or add hatogen and halogen formate » used. In this respect 

referenr ft te made to WQ 9932442. 

The present invention therefoie further relates to oomposttions of ketone 
peroxkJe derived bis-peroxyesters, bis^eroxycartionates, or mixed ketone 
peroxide derived peroxyester-peroxycariaonates obtainable from the above- 

25 mentioned ketone peroxides, i.e. composition of a ketone peroxide derived bis-. 
peroxyester, bis-peroxycarbonate. or mixed peroxyester-peroxycarbonate 
comprising 

— ay a ketone peroxide derived bis-peroxj^st^, bis^eirotycarBdriaile; or m&ced " 
peroxyester-peroxycarbonate derivative of the formula 
30 R3[O]nC{0)00-C(Ri)(i^-OOC(O)[O]nR3 
wherein 
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Ri is a branched or unbranched alkyi group with 1 to 4 carbon atoms or . 
alkenyl group with 2 to 4 carbon atoms; and 

Ra is a branched or unbranched alkyl or alkenyl group with 5 to 12 carbon 
atoms; and 

Ra is Independently selected from a branched or unbranched alkyJ with 1 to 
12 carbon atoms, alkenyl with 2 to 12 carbon atoms; and an aromatic group 
with 6-12 carbon atoms, 
n is independently 0 or 1. and 
b) a branched or unbranched hydrocarbon solvent; and 

comprising less than 10 wt.% of a peroxide derivative of the fomiula 
R3[O]„C(O)OO-C(Ri)(R2)-0O-C(Ri)(R2)-OOC(OX^^^ 
wherein Ri, R2, R3, and n have the pnsvlously given meanings. 

Ketone peroxide derived monoperoxyesters and monoperoxycarbonates can be 
15 prepared by using per 1 mol of ketone peroxide 1 mol of the acid anhydride or 
acid halogen and halogen formate, respectively, in another aspect the Invention 
thus" also pertains to a composition of a ketone peroxkJe derived 
monoperoxyester or monoperoxycarbonate comprising 

a) a ketone peroxide derived monoperoxyester or monoperoxycarbonate 
20 derivative of the formula 

HOOC(Rt)(R;iK)OCfO)r01nRa 

vi^reln 

Ri Is a branched or unbranched alkyi group with 1 to 4 carbon atoms or 
alkenyl group with 2 to 4 carbon atoms; and 
25 R2 is a branched or unbranched aikyi or alkenyl group with 5 to 12 carbon 
atoms: and 

Rd is selected from a branched or unbranched alkyi with 1 to 12 carbon 
atoms, alkenyl with 2 to 12 carbon atoms; and an aromatic gToap-with"6"12" ' 

carbon atoms; 
30 nisOorl^and 

b) a branched or unbranched hydrocarbon solvent; and 



5 
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comprising less than 10 wL% of a peroxide derivative of the formula 

H00-C(Ri)(R2)-OO-C(Ri)(R2)-O0 C(0) [OJnRs. 

wherein Ri, R21 Rs. and n have the previously given meanings. 

5 The invention also pertains to a novel peroxide of the formula: 
HOO-C(CH»)(CH2CH2CH(CH3)2)-OOH 

The ketone peroxides according to the present invention are prepared by a 
process wherein a ketone of tiie formula 0»C(Ri)(R2), wherein Ri and R2 have 
ttie previously glv^ meanings,. Is reacted with hydrogen peroxide in a branched 
10 or unbranched hydrocart>on solvent in the presence of an acidic catalyst, in a 
manner that Is known In the art The acidic catalyst may be any common Lewis 
or Brt}n$tiedt acid. Usually mineral adds, such as diluted hydrochloric acid, are 
used to catalyze the reaction. 

15 The peroxide compositions produced according to the preparation processes 
according to the present invention may be used as initiators for polymer 
production and in particular for the preparation of polyvinyl chloride, 
(meth)acrylic polymers, polystyrene, polyethylene, and copolymers comprising 
vinyl chloride, (meth)acrylates, styrene and/or ethylene, but they are equally 

20 suitable for curing unsaturated polyester or vinylester resins and for the 
modification cf pohrniera (such a s ^irafMna of monomers onto the polvmer. 
cross-linking, and/or degradation of the polymer). 

The peroxide compositions of the present invention are suitable for grafting 
26 monomers onto pdymers such as polyethers, polyoiefins. and elastomers, and 

for the functlonafization of poiyoiefins in the case of functionai group-containing 

icetone peroxides of the present invention. In general, the peroxide may be 
- brought Into contact wlth-tHe-(co)polyifyief in variousi»ays. dspendmg upon the 

particular object of the modification process. For example, if suriace 
30 modification of a three-dimensional polymeric object Is desired, the Ketone 

peroxide may be applied to the surface of the material to be modified. 



016 22.02.2002 14:! 



ACD2024PDEP 

8 

Alternatively, if it is desired to modify the (co)poiymer homogeneously . 
throughout the (co)polymerIc matrix, then the peroxide may be mixed with the 
material to be modified, which material may be in the molten state, in the form ' 
of a solution, or, in the case of an elastomer, in a plastic state. It Is also possible 
5 to mix the (co)polymer when In the powder or the granular fomn with the ketone 
peroxide. 

The peroxide compositions are also suitable as an agent for the modlflcafion of 
polymers, sudi as polyethylene, polypropylene, polybutadiene, and copolymers 

10 of two or more olefins. Modrfloation Includes crosslinking, degradation, and 
grafb'ng of monomers. Polymers may be in ttie liquid ftorm, eg., liquid rubbers. 
In general, any (co)polymer compnsing abstractable hydrogen atoms, In 
particular polyolefins, can be modified by the present process. The 
(co)polymeric material treated by the process of the present invention may take 

15 any physical fom\ Including finely divided particles (flakes), pellets, film, sheet, 
in tiie melt, in solution, and the lilce. In the ppsfened embodiments of the present 
liivention the (co)polymeric material is in the particulate form suitable for powder 
modification in a substeintialiy oxygen-free atmospheiB. In tfie melt form suitable 
for modification in an alr-contalning atmosphere or a nitrogen atmosphere, or in 

20 solufion in a suitable soivenL 



The amount of peroxide used in the modification process of the present 
invention should t>e an effoctive amount for achieving significant modification of 
the (co}polymer when treating a (co)polymer. More particularly, finom 0.001 - 
25 1 5.0% by weight of peroxide, based on tiie weight of the (co}poIym^, should be 
employed. More prsforabiy, firom 0.005 - 10.0% by weight is empkiyed. Most 
preforabiy, an amount of 0.01 - 5.0% by weight is emptoyed. 

- — it Is noted tharthe ketone peroxide may bs~pure T4 peroMde (as shown iiTthe" 

general formula) and comprises less than 10 wt.% of a peroidde derivative of 
30 the formula 
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HOO-CCRiXRsO-OO-CCRiXI^^OOH, 

whei^in Ri and Rz have the previously given nneanlngs. 
The presence of these small amounts of the corresponding T3 peroxide has no 
eftedt on its use as polymerlzat'on initiator, curing agent, and modif^ng agent. 

6 

The peroxide compositions can be prepared, transported, stored, and appfied in 
the Ibrm of powders, granules, pellets, pastilles, flakes, slabs, pastes, solid 
master batches, and liquids. These formulations may have the form of 
dispersions, such as a suspen^on or an emulsion. Ttie formulations may be 

10 phlegmadzed if necessary, depending on the particular peroxide and Its 
concentration in the fomnulation. Which of these forms is preferred depends 
partly on the application for which it will be used and partly on the manner in 
which It WiU be mixed. Also, considerations of safety may play a role to the 
extent that phlsgmafizers may have to be incorporated into certain compositions 

15 to ensure their safo handling. 

Hie formulaflons of the present Invention are transisortable, storage stable, and 
contain 1.0-90% by weight of one or more peroxides according to the present 
invention. Transportable means that the formulations of the present invention 
20 have passed the pressure vessel test <PVT). Storage 8tat>le means that the 

fermulationa of thf =: ^ procflrtf lnv<anHrtn arft hnth nhftminallv and Dhvalr : a l h^ fttahtft 
during a reasonable storage period under standard conditions. 

More prBferred fomnulatlons in aco}rdance with the present invention contain 
25 10-75% by weight of one or more of the ketone peroxides, most pieferabty 
these formulaflons contain 20-60% by weight of the ketone peroxides. 

• -The"formCilati6ns of the " present Invention can be Tlqulds," sdlWs, or pastes," 
depending on the melting point of the peroxide and the diluent employed. 

30 
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Liquid formulations can be made using liquid phlegmatizers for tiie Icetone 
peroxide, liquid piastlclzers, oiiganic peroxides, and mixtures tliereof as tiie 
diiuent. The liquid component generally is present in an amount of 1-99% by 
weiglit of the composition. Preferal^ly, 10-90% by weight, more preferably 30- 
5 90% by weight, and most preferably 40-80% by weight of the liquid formulation 
consists of liquid diluents. 

It should be noted that certain phlegmatizers may not be suitable for use with ail 
of the tetone peroxides of the present invention. More particularly, in order to 

10 obt^'n a safe composition, the phlegmatizer should have a certain ntinlmum 
flash point and a boiling point relative to the decomposition temperature of the 
ketone peroxide such that Itie phlegmatizer cannot be boiled off leaving a 
concentrated, unsafe ketone peroxide composition behind. Thus, the lower 
boiling phlegmatizers mentioned below may only be useful, for example, with 

15 particular substituted ketone peroxides of the present Invention which have a 
k>w decomposition temperature. 

The invention Is further illustrate by the foHowing ^camples: 
20 Example 1 

Preparation of 2.2-dlhvdroperQXy-5-methylhexane (or 1,4-dim e*hylpantyiidenft 
dihydFoperoxMe or Type 4 methyl-iscamyiketone hydroperoxide). 

To a stinned mixture of 49.20 g of isododecane, 60.24 g of &'methyl-2-h@(anone. 

25 and 3.47 g of 5% aq. sulfuric add were added 60.90 g of 70% aqueous 
hydrogen peroxide in 20 min keeping the temperature at 20'C by cooling. The 
mixture was stirred for 30 min at 20'*C and tiie layers were allowed to separate. 
After removal of the water phase, 1.74 g~of 5% aq; sutfisric acid were add^ at ' 
once and 30.44 g of 70% aq. hydrogen peroxide were added under stirring in 10 

30 min, keeping the reaction temperature at 20*'C. The mixture was stirred for 30 
min at 20°C and the layers were separated. The oiganic phase was washed 
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twice with 39.18 g of 10% aq. sodium sulfate solution, yielding 146.4 g of 
product with 9.95% of active oxygen (% active oxygen for all examples Is 
calculated as molar mass of active oxygen group(s) divided by the molar mass 
of peroxide). The product contefned 45.87 wt% of 1,4-dlmethylpentylidene 
5 dihydroperoxide, 4.84 wt% of di(1-hydroperDxy-1.3-dimethylpentyl)peroxide. 
and 0.47 wt% cf hydrogen peroixide. 

The product may be dried over magnesium sulfate or under vacuum. However, 
when the product Is further reacted with acid halldes. add anhydrides, or 
chlorolbrmates, drying is not required. 

10 

Example 2 

Preparation of 2,2-<lihydroperoxyheptane (or l-methylhexylidene 
dihydroperoxide). 

16 To a stirred mixture of 152.1 g of Isododecane, 171.3 g of 2-heptanone and 
10.0 g of 5% aq. sulfuric add were added 174.9 g of 70% aq. hydrogen 
peroxide in 30 min keeping the temperature at 20-22'C by cooling. The mixture 
was stirred Ibr 30 m'm at 20''C and the layers were allowed to separate. After 
removal of the wafer phase, 5.0 g of 5% aq. suNuric add were added at once 

20 and 87.5 g of 70% aq. hydrogen peroxide were added under stining in 15 min, 
keenlnfj tha reacHon temparatu w ^ at 9.Q'C bv coolina. The mtxture was stirred 
for 30 min at 20''C and the layers were separated. The oiganic phase was 
washed twice with 100 g of 10% aq. sodium sulfate solution, yielding 428.3 g of 
product containing 9.58% of active oxygen. The product contained 0.47 wt.% of 

25 hydrogen peroxide. 

Examples" 

Preparation of 2-(isobutanoylperaxy)-2-(pivaloylperoxy)heptaneln teododecane. 

30 
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To 150 g of 1-methylh6xyiidene dihydroperoidde in isododecane, prepared as ■ 
described in Example 2, were added under stirring 53.5 g pivaloyi chloride in 75 
min l^eeplng the temperature at a-S^C by cooling and maintaining the pH of the " 
~ reaction mixture at 9.5 by simultaneous addition of 25% aq. sodium hydroxide. 
6 After the additions, the reaction mixture was stirred for 15 min at lO'C and then 
2.0 g 50% aq. benzyltrimethyt ammonium chloride were added, followed by 
addition of 56.7 g of isobutyrylchloride (99%) in 60 min. keeping the reaction 
temperature at lO'C by cooling and maintaining the pH at 10.5 by simultaneous 
addition of 25% aq. sodium hydrmide. The mbcture was stirred for another 30 

10 min at S'C and pl^ 10.5. The layers were separated and the water phase was 
drained. Then 12.0 g of water and 3 g of tetrabutyl ammonium hydrosulfate 
were added to tfie organic phase followed by dosing of 30 g of 
isobutyrylchloride (99%) in 20 min under stirring, keeping the readtlon 
temperature at S'^C and mainlining the pH at 10.5 by addition of 25% aq. 

15 sodium hydrojdde. The reactton mixture was stinred for another 30 min at S'C 
and pH 10.5 and the layers were separated. The organic pliase was washed 
with water and 6% aq. sodium hydrogencarbonate arid dried over MgS04.2H20 
yielding 184.3 g of de»rsd product with an active cntygen content of 6.30%. 
Calculated assay based on active oxygen analysis: 63 wt.%. 

20 

Example 4 

Preparation of 1-hydroperoxy-1.4-dlmelhylpenlyl-1-(peroxy-3,5,5- 
trimethylhexanoate). 

25 To a stirred mixture of 126.8 g of isododecane, 144.2 g of methylisoamyl 
ketone, and 8.3 g of 5% aq. sulfuric acid were added under stimng 145.8 g of 
7% aq. hydrogen peroxkie in 20 min under cooling at 20^C. The mbdture was 
stirred for 30 min at 20''C and the layers we^~8^arated. After removal of the 
water phase, 4.15 g of 5% aq. sulfuric acid were added to the organic phase 

30 and under stirring 72.9 g of 70% aq. hydrogen peroxide were added under 
cooling at 20''C. Then the mixture was stirred for 30 min at 20''C and the layers 
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were allowed to separate. The organic phase was washed tiAce with 93,75 g of 
10% aq. sodium sulfate and then 40 g of 20% aq. sodium chtoride were added 
to the organic phase, followed by addition of 201.6 g of 3,5,5-trimethylhexanoyI 
chloride (98.6%) in45 min keeping the reaction temperature at 10*C by cooling 
6 and maintaining a pi-i of 9.5 in the reaction mixture by addition of 25% aq. 
sodium hydroxide. The mixture was stirred for another 30 min at lO^'C and then 
50 g of water were added. The organic phase was washed once with 200 g of 
water and once with 200 g of 6% aq. sodium hydrogencarbonate yielding 471 g 
of desired product with an active oxygen content of 7.47%. Calculated assay: 
10 71 wL%. 

Preparation of 2-(2-methylpropanoylperoxy)-2-(3.5.5-trimethyIhexanoylperoxy>. 
S-methylhexane 

IS 

To 100 g of 1,4-dlm6thylpentylidene dihydroperoxide in isododecane, prepared 
aeoortRng to the preparation procedure of Example 1, were added under stirring 
52,3 g of 3,5.5-trlmethylhexanoyI chloride (98.6%) in 40 min Iceeping the 
temperature at lO'C by cooling and maintaining the pH of tlie reaction mixture 
20 at 9.5 by simultaneous dosing of 20% aq. sodium hydrcnclde. The reaction 

mixtmw was sHmaff frir a n wiher ^f^ min at 10*^ and thm 40 a Of S0% a C i. 

benzyltrlmethyl ammonium chloride and 4 g of potassium chloride were added, 
followed by addition of 41.3 g of Isobutyrylchlonde (99%) in 40 min. keeping the 
reaction temperature at lO'C by cooling and maintaining the pH at 11.0 by 

as simultaneous addition of 20% aq. sodium hydroxide. W^r (1 2 g) was added to 
dissohn» precipitated salts and so to improve pH reading. 
Then, 2.0 g of 50% aq. tienzyftrimelhyl ammonium chtoride were added, 
ftjllowed by addition of 10.0 g of isobutyrylchloride "(99%)' ft 11D nHfi uhde^ 
cooling at 10'*C and maintaining the pH at 11.0 by dosing of 20% aq. sodium 

30 hydroxide. The mixture was stined for another 15 min at 10"C and then 50 g of 
water were added. The organic phase was washed with water and 6% aq. 
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sodium hydrogencarbonate and dried over MgS04.2H2O yielding 122 g of . 
desired product witli active oxygen of 5.35%. Calculated assay based on active 
oxygen analysis: 63 wt%. 

6 Example 6 

Preparation of 2-(2-ethylhexyloxycaitonylpeinoxy)-2-tsobutanoylperoxy-5- 
methylhexane 

To 150 g of 1.4-dimethylpentylidene dihydroperoxide in isododecane, prepared 

10 as described above (Example 1) were added 3 g of 50% aq. benzyltrimethyl 
ammonium chloride and then under stining 89.8 g of 2-efhylh»(yl(^lorofbrmate 
(99%) in 40 min keying the temperature at lO'C by cooling and maintaining 
the pH of the reaction mixture at 9.5 by simultaneous addition of 25% aq. 
sodium hydroxide. After the additions, the reaction mixture was stirred for 10 

15 min at 10*^0 and then 20 g of water were added, followed by addition of 58.3 g 
of IsobufyrylohlorMe (99%) in 40 min. keying the reaction temperafure at 10*^0 
1:^ oooling and maintaining the pH at 9.5 by simultaneous addition of 26% aq. 
sodium hydroxide. The mbdure was stined for another 20 min at 15*^0 at pH 9.5 
and 100 g of water were added. The layers were separated, the water phase 

20 was drained and the organic phase was dried over Mg804.2H20 yielding 208.2 
q of organic phase. To 190 a of this organic phase were added 2 g of tetrabutyl 
ammonium hydrosulfate and 20 g of water. Then, under stining, 30 g of Iso- 
buiyr^chloride (99%) were added in 20 min, keeping the reaction temperature 
at 20''0 and maintaining the pH at 9.5 by addition of 25% aq. sodium hydroxide. 

25 The reaction mbeturs was stirred for another 45 min at 20''C at pH 9.5 and tiien 
50 g of water were added. The layers were separated and the organic phase 
v^s washed twice with water and dried over MgS04.2H20 yielding 182 g of 
desired product with active oxygen of 4.69%. Calculated a&say based on active ' 
oxygen analysis: 57 wL%. 



30 
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Preparation of 2;j-di(acetylp8roxy)-5-methyIhexane 

" To a stirred mixture of 95.5 glso^f H®, 117.0 g of methylisoamyl ketone and 
6 6.74 g of 5% aq. sutfurio acid were added under stirring 116.2 g of 70% aq. 
hydrogen peroxide in 20 min under cooling at aCC. The mixture was stirred for 
30 min at ao^C and the layers were separated. After removal of the water 
phase. 3.37 g of 5% aq. sulfuric acid were added to the reaction mixture and 
under stirring 59.1 g of 70% aq. hydrogen peroxide were dosed undercooling at 
10 20°C. Then the mixture was stirred for 30 min at 20"C and separated. The 
organic phase was washed twice with 76.2 g of 10% aq. sodium sulfate and 
then 141 .0 g of acetic anhydride (97%) were added under stirring and cooling at 
20*C in 45 min iteeping the pH at 7.0 by addition of 25% aq. sodium hydroxide. 
The reaction mixture was stirred for another 5 min at 20'C and the layers were 
16 separated. After removal of the water phase 70.5 g of acetic anhydride, (97%) 
were added in 22.5 min under stirring and cooling at 20''C. During addition, the 
plH was maintained at plH 7.0 by addition of 25% aq. sodium hydroxide. The 
mixture was stirred for 5 min at 20^*0 and the layers were separated. The 
organic phase was washed with 6% aq. sodium hydrogencart>onate arid dried 
20 over Mg804.2l-l20 yielding 279 g of desired product with active rocygen content 
of 7.30%. CalculatQd asaav: 57 wL%. 

Example 8 

In the following examples a laminate with a thidoiess of 4 mm was made at 
25 20''C. A conventional Ortho UP resin (Ludopal P6®, ex BA8F/DSM) in an 
amount of 100 pbw was combined with 0.5 pbw of a standard Co-octoate 
solution (Acceleratoi® NU9P, ex Akzo Nobel). 2 pbw of a ketone peroxkle 
fonnulation,^d glass fibre in' siich an amoant that the total mixtara contained ' 
35% by weight of said glass fibre. A tiiermooouple was mounted in the mkldle of 
30 this laminate and time-temperature curves were measured. From the curve tiie 
following parameterB were calculated: 
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Gel time (GTT) - time in minutes elapsed between the starting point of ttie 
experiment (the moment at which the peroxide is mixed Into the pre-accelerated 
UP resin) and 5-6*^0 above the bath temperature (25.6*'C)- 
Time to peak exotherm (TTP) = time elapsed between the start of the 
5 experiment and the moment that the peaic temperature Is reached. 
Peal^ Exotherm (PE) = the maximum temperatuns which is reached. 
Barcol hardness (measured in the conventional way) - Time to reach barcol 
hardness 0-5 or 20-25 with Barcol meter 934. Accordingly, Barcol meter was 
placed onto the horizontel surtece of laminate and pressed manually so that the 
10 indenter of the meter penetrates the surl^ace and the hardness is directly read 
on the meter. Barcol meter number 934 was used for hard suri^ces and number 
935 is used for soft surfaces. 

The residual styrene level was determined by conventional GC techniques after 
dissolving the sample in dichloromethane, 

15 

Curing of unsaturated polveaters. 

Unsaturated polyester resins were cured at ambient temperature In accordance 
with the procedure given above. Methyl isoamyl Icetonperoxide In isododecane 
(Example 1; MIAKP) was used. In comparative example A methyl ethyl 
20 ketonperoxide in dimethyiphtalate (Butanox® 1\^50, ex Alczo Nob^ was used. 

Rnth pmdticrfa have a total acKve oxygftn nontent nf Q% hy wgiighf anrf an ar^i^ 

oxygen content HaQa of 1% by weight. The results are summarized In the table 
below: 



Example 


GT 
(min) 


TTP 
(mill) 


PE CC) 


Barcol 
0>5(h) 


Barcol 
20-25 (h) 


Residual 

slyrene 

(%) 


8 


14.0 


33.4 


60 


1.5 


4 


4.8 


A 


t5.3- 


33.6- 


45 


6 


->10 


6.5— 



26 

These results show that tiie MIAKP has a higher reactivity (higher PE), 
compared to standard Butanox® M50. Due to thte higher peak exotherm a 
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lower residual serene content can be obtained. Furttiermore, the MIAKP 
showed a higher efBdency in hardness built-up. 

The new peroxide of Example 1 (IVIIAKP) has a higher rea^lvlty due^ its 
h^er Type 4 content This is an advantage over standard Butanox® M50. 
S Moreover, this ketone peroxide can be produced in an apolar solvent* which 
means that the solution Is phthalate free. 

Example 9 

PcJymeriaation o f vinyl chloride 

10 

The ketone peroxkJe bisester of Example 3 [2'(i8obutanoylperoxy)>2> 
(plvaloylperaxy)heptane] of the present invention with a 1 hour hatf-lrfe 
temperature at 49''C was evaluated in vinyl chloride polymerization with good 
results. The polyvinyl chtorlde was produced according lo an experimental 

15 prxK»dure to be used for a 6 liter autoclave with the conversion being measured 
in time via the "butane tracer technk)ue" <ref.: T.YJCie, A.E. Hamilec. P.E. 
Woods and H. VUbstmijze, J. Aol. Pol Soi. Vol 41(1990)). A 5 liter stainless steel 
reactor vessel was equipped with 1 baffle, a fiat blade stInBr <n = 700 rpm) a 
pressure trensducer, a nitrogen punge, and a sampling device for the butane 

20 tracer technfciue* and was charged with 2200 g of demlnerallzed water and 

of NaH2P04 <ex Baker) as a bufter. The vessel was closed and pressurized with 
15 bar nitrogen. The vessel was evacuated and pressurized with nitrogen (5 
bar) for three times. Sut)sequently, the vessel was fed with 1100 ppm of 2- 

25 ^sobutanoylperaxy)-2-(pivaloylperoxy)heptane vinyl chloride. The vessel was 
evacuated again and subsequenfly charged with 1 100 g of vinyi chloride. The 
temperature Mva& inoeased to the polymerization temperature of 67"C. The 
constant pras'aure Vifne was 195 mfnutes.The standard pblyrfierlzafibh tirne was 
8 hours. Atmospheric pressure was attained before the vessel was opened and 

30 the vessel was evacuated for at least half an hour. The polyvinyl chloride 
formed was filtered and washed on a glass filter (S2). Subsequently, the 
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polyvinyl chloride was dried In a fluid bed dryer at 60*>C and the yield of . 
polyvinyl chloride amounted 60% on vinyl chloride monomers started. 



I 
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Claims 

1. A ccffnposition of a ketone peroxide oomprising 

a) a pero?dde derivative of the formula 
H0O-C(R,)(R2)-0OH 
wherein 

Ri is a branched or unbranched ali<yi group witii 1 to 4 carbon atoms or 
alkenyl group w'rth 2 to 4 carbon atoms: and 
Ra is a branched or unbrandied alkyl or alkenyl group with 5 to 12 
carbon atoms; and 

b) a branched or unbranched hydrocarbon solvent; 
the peroxide derivative of a) having a solubility more than 40 g In 100 g 
of the solvent of b) at 20''C; and 

comprises less than 1 0 wt.% of a peroxide derivative of the fomnula 
HOO-C(Ri)(R2)-0(>C(Ri)(R2)-OOH, 
wherein Ri and Rzhave the previously given meanings. 

2. The composition of claim 1 wherein Ri and Rz are alkyl groups. 

20 3. The composition of claim 2 wherein Ri is a methyl group and Ra is an 
isoamyl oramvlarouD. _ 

4. The composition of any one of claims 1-3 wherein the solvent is a 
saturated aliphatic hydrocarbon. 

25 

5. A composition of a ketone peroxide derived bis-peraxyester. bis- 
peroxy<xirbonatB. or mixed peroxyester-peroxycart)onate oomprising 

a) a ketone peroxkle derived bfes-peroxyesfer, bis-peroxycarbonate, or 

mb^ed peroxyester-peroxycarbonate derivative of the ibrmula 

30 R3[OInC(O)00-C(Ri)(R^0OC(O)[O]„R3 
wherein 



10 



15 
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Ri is a branched or unbranched alkyl group with 1 to 4 carbon atoms or . 
alkenyl group with 2 to 4 carbon atoms; and 
Ra is a branched or unbranched alkyi or alkenyl group wrth 5 to 12 
carbon atoms; and 

5 R3 is independently selected from a branched or unbranched alkyl with 

1 to 12 carbon atoms, alkenyl with 2 to 12 carbon atoms; and an 
aromatic group with 6-12 carbon atoms, 
n is independently 0 or 1, and 
b) a branched or unbranched hydrocarbon solvent; 
10 and 

comprising less than 10 wt.% of a peroxide derivative of the formula 
R3lO]„C(0)00-C(Ri)(R2)-OO.C(Ri)(R2)-OOC(0)[0]nR3, 
wherein Ri, R2, R3. and n have the previously given meanings. 



15 6. A composition of a ketone peroxide derived monoperoxyester or 
monoperoxycarbonate comprising 

a) a ketone peroxide derived monoperoxyester or mbnoperaxycarbonate 
derivative of the formula 
H00-C(R1)(l^)-00C(0)[0]nR3 

20 wherein 

Ri is a branched or unbranched aikvl group with 1 to 4 cariaon atoms 

or alkenyl group with 2 to 4 carbon atoms; and 

R2 is a branched or unbranched alkyl or alkenyl group with 5 to 12 

carbon atoms; and 

25 Ra Is selected from a branched or unbranched alkyl with 1 to 12 

carbon atoms, alkenyl with 2 to 12 caribon atoms; and an aromatic 
group with 6-12 carbon atoms; 

— -nisOor1;and - 

b) a branched or unbranched hydrocarbon solvent; 
30 and 
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comprising less than 1 0 wt.% of a peroxide derivative of the fonntila 

H00-C(Ri)(R2)-OO-C(Ri)(R2)-OO C(0)[0]„R3, 

wherefn Ri, Rz. Ra, and n have the previously given meanings. 



5 7. A peroxide derivative of the fbnnuia H00-C(CH3)(CH2CH2CH(CH3)2)-OOH 

8. A process for the preparation of a peroxide derivative of the formula 
HOO-C(Ri)(R2)-OOH 

wherein 

10 Ri is a biandied or unbranched alkyi group with 1 to 4 cariaon atoms or 

alkenyl group urith 2 to 4 caritton atoms; and 

iRz is a branched or unbranched allcyl or aUcenyl group with 5 to 12 cari^on 
atoms; 

comprising the step wherein a Icetone of the fomnula 0-C(Ri)(R2), wherein 
15 Ri and Rz have the previously given meanings, is reacted with hydrogen 

peroxide in a branched or unbranched hydrocarbon solvent in the 
presence of an addic catalyst 

9. A method for the preparation of the composition of any one of claims 1-4 
20 by using the process according to daim 8. 

1 0. Use of the composition of any one of claims 1-6 for polymerizing 
vinj^diloride, (meth)acrync monomers, sfyrene. ethylene, or mixtures 
thereof, for curing unsaturated polyester or vinylester leslns. for grafting 

2S monomers onto a polymer, for crossiinking a polymer or for degrading a 

polymerl 
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Abstract 



The Invention pertains to a composition of a ketone peroxide connprising 

a) a peroxide derivative of the fonmula 
5 H00-C(Ri)(R2)-00H 

wherein 

Ri is a branched or unbranched allcyi group with 1 to 4 carbon atoms or 
all<enyl group with 2 to 4 carbon atoms; and 

R2 is a branched or unlN-anched ali^l or allcenyl group with 5 to 12 carbon 
10 atoms; and 

b) a branched or unbranched hydrocarbon solvent; 

the peroxide derivative of a) having a solubility more than 40 g in 100 g of 
the solvent of b) at 20X; and 

comprises less than 10 wt.% of a peroxide derivative of the formula 
IS HOO-C(Ri)(R2)-00^(Ri)(R2)-OOH, 

wherein Ri and Rzhave the previously given meanings. 
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